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Abstract
The Near Detector at 280m (ND280) has been operating for over a year in the Tokai to Kamioka (T2K) neutrino
beam. The detector is designed to provide a good knowledge of the neutrino beam before the neutrinos oscillate,
including measuring the backgrounds and their energy dependence. An important feature of ND280 is the tracker
which consists of two active scintillator-bar target systems sandwiched between three large time projection chambers
(TPCs), and surrounded by calorimeters and a large dipole magnet for charged particle tracking. Novel features of
the TPCs are the rectangular construction from composite panels, the bulk micromegas detectors for gas ampliﬁca-
tion, electronics readout based on a new ASIC, and the photoelectron calibration system. This article will review the
design, operation and performance of the TPCs as deduced from measurements with particle beams, cosmic rays, and
the photoelectron calibration system.
c© 2011 Published by Elsevier BV. Selection and/or peer-review under responsibility of the organizing committee
for TIPP 2011.
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1. The T2K Experiment
The Tokai to Kamioka (T2K) experiment is a long baseline neutrino oscillation experiment situated in Japan[1].
The high intensity neutrino beam is produced at the Japan Proton Accelerator Research Complex, in Tokai, Japan.
A near detector complex 280m from the neutrino production target, and Super-Kamiokande (SK), the far detector at
295km, are used to detect the neutrinos from this beam as shown in FIG. 1.
The T2K experiment has two main goals. The ﬁrst goal is to look for the appearance of νe from a beam of νμ.
The νe appearance measurement will extend the search down to sin22θ13 > 0.008. This measurement is important
because θ13 is the last mixing angle to be measured, and if large enough could allow a future CP-violation search
to become practical. A second goal of T2K is a precision measurement of νμ disappearance, which will provide
improved constraints on the values of the atmospheric neutrino mixing parameters Δm223 with uncertainty ∼ 10−4, and
sin22θ23 with uncertainty ∼ 0.01.
T2K is the ﬁrst experiment to use the oﬀ-axis beam technique, where the neutrino beam is intentionally aimed
2.5 degrees oﬀ-axis from the far detector. This apparent misdirection of the beam is done to kinematically select a
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Figure 1: Illustration of the components of the T2K experiment, with the neutrino beam starting at J-PARC, the near detectors at 280m, and the far
detector, Super-Kamiokande, which is 295km away.
narrower spectrum of neutrino energies that is peaked at 0.7 GeV, which is the νμ oscillation maximum for the far
detector distance of 295km.
Results from the ﬁrst two data taking runs have already been published[2], where T2K observed six electron
neutrino events.
In a three ﬂavor neutrino oscillation scenario with |Δm223| = 2.4 × 10−3 eV2, and sin22θ13 = 0, the
expected number of events is 1.5 ± 0.3(syst). Under this hypothesis, the probability to observe six or
more candidate events is 7 × 10−3, equivalent to 2.5σ signiﬁcance. At 90% C.L., the data are consistent
with 0.03(0.04) < sin22θ13 < 0.28(0.34) for δCP = 0 and normal (inverted) hierarchy.
2. The T2K Near Detectors Physics Role
The near complex consists of an on-axis beam proﬁle monitor INGRID, and an oﬀ-axis detector ND280. The
ND280 detector’s role is to measure the unoscillated energy spectrum of the muon neutrinos, the intrinsic beam
electron neutrinos, and to study the competing neutrino interactions in the 1 GeV range.
The ND280 detector is a magnetized detector that operates the UA1 magnet at a ﬁeld of 0.188 T, with an inner
volume of about 3.5 m ∗ 3.6 m ∗ 7 m, as shown in FIG. 2.
A Side Muon Range Detector (SMRD), consisting of scintillator planes is interleaved between the iron yokes
of the magnet. The SMRD can detect muons from the inner detectors. The central part of the detector consists of
a tracker section and a π0 detector (P0D). The tracker section has two Fine Grained Detectors (FGD)s, which are
thin, wide scintillator planes to provide active target mass, surrounded by three Time Projection Chambers (TPC)s
to provide excellent measurements of the charge particles from the FGD and P0D. The P0D detector is scintillator
planes interleaved with lead/brass and water layers to optimize the detection of photons. Surrounding the P0D and
tracker section are the electromagnetic calorimeters (ECAL)s, which measure the electromagnetic showers from the
inner detector.
3. The TPC Detector Design
The TPCs for the T2K near detector were designed to have excellent tracking and particle identiﬁcation for charged
tracks around 1 GeV[3]. The momentum resolution of the TPCs has been measured to be about 7% at 1 GeV, and has
a point resolution of about 700 μm at full drift. This is well within the modest design speciﬁcation of 10%, which is
set by the Fermi motion of the struck nucleons.
The principle of operation of the T2K TPC is shown in FIG. 3. When a minimum ionizing particle passes through
the TPC gas about 300 electron/ion pairs per cm are produced. The electrons then drift in the ∼ 2.5 kV/m electric
ﬁeld for up to a little less than 1 m. The electrons then pass through the micromesh, which is at -350V with respect to
the pads which are 128 μm away.
The mechanical construction of the TPC consists of a gas tight inner box made from copper-clad G10, and a
gas tight outer box made from aluminium and rohacell for low mass. The TPCs boxes were designed, fabricated
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Figure 2: Illustration of the components of the ND280 detector.
Figure 3: Illustration of the operation of the T2K near detector TPC with micromegas.
538   B. Jamieson /  Physics Procedia  37 ( 2012 )  535 – 542 
and assembled at TRIUMF, as shown in FIG. 4, has two drift regions, separated by the cathode plane, that is shared
between the two halves of each TPC. The full drift length of each half is 897 mm, the width along the beam direction
is 772 mm, and is about 1.8 m high.
At the end of each of the TPC drift region are 12 micromegas modules arranged in two columns of 6, oﬀset in the
vertical direction by one half of a module. Each bulk micromegas module has 1728 pads arranged in 48 rows by 36
columns covering an area of 36 × 34 cm2, with a pad pitch is 9.8 x 7.0 mm2. One of the bulk migromegas modules is
shown in FIG. 5. In total 72 micromegas modules were used for the three TPCs. The micromegas have a gain of about
1500, and a gain uniformity of about 2.8% per module (7.3% over all 72 modules). The energy resolution is about 9%
for 5.9 keV 55Fe x-rays, and is similar with cosmic rays. The energy resolution is uniform to 6% over all modules,
and was measured in a test bench at CERN. The micromegas have about 0.1 sparks per hour at the operating mesh
voltage of -350V. Over all of the channels there were only 10 random dead channels, however in the second T2K run,
sparking in one unit required that 1/12 of one micromegas be disabled until it could be replaced.
The readout electronics is required to handle the 124,416 channels for the three TPCs. The design requirements
were to be able to sustain a data taking rate of 20 Hz. To accomplish this zero-suppression and lossless compression
are employed to reduce the raw event size from ∼ 120 MB within 50 μs by a factor of 1000. High channel density and
low power consumption were also important considerations to reduce the amount of material in the detector, and the
amount of cooling needed. The signal readout used the AFTER chip, which is based on a 511-deep switched capacitor
array. Each micromegas module is read out by 6 front-end modules (FEM)s and one front-end mezzanine (FEM) card
that directly mount to the back of a micromegas module as shown in FIG. 5. The FEM modules aggregate the data of
the six FECs, perform zero-suppression, and send the data over a 2Gbps optical link to the back-end electronics data
concentrator cards (DCC).
The TPC drift volume gas is Ar:CF4:isobutane in a ratio 0.95:0.03:0.02. This gas is chosen because of its high
drift speed, low diﬀusion, and good performance with micromegas. Some other advantages of this gas are its long
attenuation length (> 30 m), and that it is non-ﬂammable. The gas system was designed to minimize impurities due
to O2, and has a programmable logic controller (PLC) to ensure safe gas delivery, and to monitor the quality of the
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Figure 4: Illustration of the components of each of the TPC detectors is shown on the left. The mechanical construction of the inner-box of the
TPC is shown on the right, where A is an inner box wall, B is a module frame stiﬀening plate, C is the module frame, D is the endplate, E is a
ﬁeld-reducing corner, and F is the central cathode location.
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Figure 5: One of the micromegas modules for the T2K TPC is shown on the left. The front-end electronics for the TPC data readout are pictured
on the right..
Figure 6: One of the PLC electronics boxes is shown on the left, and the two gas monitor chambers are shown on the right.
gas. The gain and drift speed of the gas at the input and output from the TPC are also monitored by two small TPCs
that contain 55Fe sources. Part of the PLC, and the two gas monitoring TPCs are shown in FIG. 6. Each of the TPC
inner volumes contains 3000 liters of gas, and has an operating ﬂow of 10L/min, of which 90% is recycled from the
TPC exhaust gas after being sent through a gas puriﬁer. The outer gap volume of the TPC contains CO2 to act as a
high voltage insulator. The diﬀerential pressure between the inner and gap volumes is controlled to operate at a slight
overpressure of 0.4 mbar with respect to the outer volume to reduce contamination of the TPC gas.
Another key feature of the T2K TPC is the laser targets and photo-electron calibration system. The copper TPC
cathode is covered with Al targets that emit photo-electrons when ﬂashed with a 266 nm ultra-violet laser. The laser
is multiplexed to 18 locations to cover the cathode. The Al dot, picture of the Al targets on the cathode, and the
arrangement of Al targets are shown in FIG. 7. The
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Figure 7: An aluminium target is shown on the left, the Al dots and strips can be seen on the cathode in the image in the middle, and the pattern of
Al dots and strips for each micromegas is shown own on the right.
4. The TPC Detector Performance
Event displays from two neutrino events in ND280 are shown in FIG. 8. The event shows that the TPCs capture
a lot of detail that can be used for tracking the charged particles, and to help understand the topology of the neutrino
interactions.
The particle identiﬁcation for the TPCs is done using a truncated mean energy loss for the particles. The lowest
70% of the energy loss measurements are used in the truncated mean calculation. This fraction was chosen to optimize
the particle separation, based on Monte Carlo studies. The resulting energy loss versus momentum for neutrino
interactions is shown in FIG. 9. The particle identiﬁcation is primarily used to separate muon tracks from electron
tracks. The resolution for deposited energy is 7.8 ± 0.2% for minimum ionizing particles, and the probability for
mis-identifying an electron is 0.2% below 1 GeV/c.
The diﬀusion constant measured by the reconstruction of tracks, for magnetic ﬁeld on is 247 μm/cm and magnetic
ﬁeld oﬀ is 288 μm. This method is known to underestimate the diﬀusion constant by about 10%. The diﬀusion
constant measurement, for tracks more than 30 cm from the micromegas plane is shown in FIG. 10.
The momentum resolution shown in FIG. 10 is for a single TPC was estimated using a Monte Carlo sample of
neutrino events. The sample includes the muon tracks that are sampled by at least 50 of the 72 pad columns in a TPC.
The simulation shows that the spacial resolution is suﬃcient for the goals of the ND280 measurements.
The spatial resolution as a function of drift distance is shown in FIG. 11. The resolution in this ﬁgure was
calculated by comparing the position of the globally ﬁtted track with a reﬁt done with only that cluster, and all of
the parameters except the position ﬁxed to the values of the global ﬁt. The point resolution for all clusters is about
0.8 mm. The resolution is better when there is charge sharing, such as for clusters that have more than one pad. The
resolution is worse for short drifts because there is less diﬀusion, and thus fewer clusters with more than one pad hit.
The resolution shown here is for tracking in a magnetic ﬁeld of approximately 0.18 T.
5. Conclusion
The three TPCs for the near detector of the T2K experiment have been successfully been operating in the neutrino
beam for the two runs (Jan.-Jun. 2010, and Nov.2010-Mar.2011). They have been performing as well or better than
speciﬁed, and we look forward to obtaining more neutrino data from the TPCs in 2012.
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Figure 8: A neutrino event that has some sort of deep inelastic event from a neutrino interaction in the upstream FGD (top). A clean charge-current
interaction with a muon and proton track in the TPCs (bottom).
Figure 9: Energy loss versus momentum, showing the particle identiﬁcation capability of the TPCs for positively (left) and negatively (right)
charged particles produced by neutrino interactions in the FGDs.
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Figure 10: The measured diﬀusion constant for both ﬁeld-oﬀ and ﬁeld-on is shown on the left, and the momentum resolution for a single TPC
as a function of momentum perpendicular to the magnetic ﬁeld is shown on the right. The dashed straight line was the design goal for the TPC
momentum resolution.
Figure 11: The position resolution for all clusters versus drift distance is shown on the left, and for clusters with two pads hit on the right.
